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SUMI'>1ARY 
The results of tests of 65 speci mens of aluminum-
alloy channel sections are graphed for stresses due to 
axial and bend ing loads as functions of the =atio of 
len g th of specimen to its radius of gyration, and from 
these data a suggested design chart is derived that is 
suitable for ready use. 
I NTRODUCTION 
As far as is known, there is no completely satisfac-
tory theor y in existence for the combined loading of 
structural members common to aircraft construction; hence, 
for purposes of design, recourse must be 'had to tests for 
a given type of member made in the laboratory. 
The tests reported in this paper were carried out in 
the Engineering laboratories of the University of Maryland 
under the supervision of Dr . John E. Younger, and the 
funds and specimens were supp lied by the National Advisory 
Committee for Aeronautics. 
SPEC I MElifS 
The specimens tested were extruded 24 S-T aluminum-
alloy channel sections 1.0 inch wide and 0.055 inch thick 
with the legs, or flanges, varying from approximately 
0.300 inch to 1.000 inch in depth. (See fig. 1.) 
The specimens were produced by the Aluminum Company 
of America, according to the following specifications! 
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1. The material shall be the Aluminum Company of America 24S-T aluminum alloy and shall conform in all respects to Navy Aeronautical specifi-
cation 46A9 (INT) of July 1, 1937, except that: 
2. To the chemical composition in paragraph E-l shall be added "chromium (maximum 0.25% )~T 
3. The words "excess of O.OO% ~i n the note in para-graph E-l shall be changed to read "excess of 0.03%." 
4. The material shall have t he following minimum physical properties: 
Tensile strength: 57,000 pounds per square inch, 
Yield strength: 42.000 pounds per square inch, 
Elongation: 12 percent. 
APPARATUS AND TESTS 
Construction of Testing Jig 
In figure 2 is shown a photograph of the beam-column te sting jig designed by the author and used for these tests. The c o lumn load is applied by means of a hydraulic jac k and a hand pump, the jack being designed without pack-i ng for greater accuracy. The pressure is measured by 
means of a calibrated Bourdon-type pressure gage. The load is applied through horizontal knife edges to V-grooves in specially made end plates. The specimen is held so that its x-x centroidal axis will coincide with the load as applied through the knife edges. Holes are drilled at suitable intervals in the top of the supporting I-beam so that both the end-support knife edge and the load-applying knife edge can be adjusted to suit the lengths of the specimens tested. 
The side loading is applied t hr ough two knife edges located at third points along th~ length of the specimen and supporting, by steel straps, a platform and harness 
arrangement so designed that the loads upon the platform will be e~enly distributed between the two knife edges. The loading for these tests was accomplished by means of 
--'-----.------.-------------~,--~----~~--------.----------.------------------~----~ 
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a number of 5-pound calibrate~ lead weights, as well as 
several 25-pound and 50-pound cgst - iron weights, which 
were also calibrated against .standard \-,eights. 
Calibration of the Machine 
3 
The two Bourdon-type pressure gages used to measure 
the column load were calibrated by means of a dead weight 
gage tester and calibration curves were prepared to use 
in correcting the recorded data. 
The 5-pound lead weights used to apply the bending 
load were calibrated by means of an oil- damped balance 
to within 0 .01 pound of 5 pounds . The harness and the 
knife edges were weighed separately. 
upon 
tion, 
size. 
Preparation of Specimens 
After the lengths of the specimens were determined 
the basis of the ratios of lengths to radii of gyra-
they were cut and the ends were accurately milled to 
METHOD OF TESTING SPECIMEN S 
1. The specimen was placed flanges (or legs) down 
upon the t wo knife edges. 
2. The ad justable knife edges were raised so that 
the neutral axis of the specimen was directly in line with 
the tw o horizontal kni f e edge s . 
3. The tailpiece and the hydr aulic jack were then 
moved to t he correct position for the length of the spec-
imen and bolted securely to the supporting I-beam. 
4. The end plates were placed over the ends of the 
specimen and a small amount of end load was applied by 
means of the hand pump. 
5. The harness straps were then placed at predeter-
mined loading points upon the specimen, the platform be-
ing supp orted by the harness straps. 
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6. A known side load was then produced by placing 
calibrated. weights upon the platform, the platform and 
harness weights being known. 
7. The specimen was then ready for testing, and the 
test was carried out by applying end load with the hy-
draulic jack until the hand of the pressure gage showed 
a drop of pressure, and no amount of increased pressure 
would cause a higher pressure reading. This point was 
recorded as the point of ultimate strength. 
DISCUSSION OF RESULTS 
A ~hin-wall, torsionally unstable, structural member 
of the type used in aircraft construction, of which 
the channel sections tested are a special case, can fail 
by either bending, twisting, local wrinkling, or combina-
tions of these forms . The first two forms are classifi e d 
"primary failures" in reference 1. The theoretical work 
was validated for practical purpo s es in reference 2. No 
assumption was made as to the typ e of failur e that would 
occur, but the lengths of specimen s tested were such ~hat 
failure occurred through bending or twisting. The equa-
tion for pri mary failure of axially loaded colums, as 
g iven in reference 1, is: 
where E 
G 
IJ. 
I 
P 
Lo 
J 
C:eT 
GJ CBT n 2 E 
----Ip L02 f cr = 
tension-compression modulus of elasticity 
shear modulus of elasticity ( E ) 
2(1 + 1J.2) 
Poisson's ratio for material 
polar moment of inertia of cross section about 
axis of rotation 
effective length of column 
torsion constant for section. The product GJ 
in torsion problems is analogous to product 
EI in bending problems. 
torsion-bending constant, dependent upon loca-
tion of axis of rotation and dinension of 
c r 0 s s ~s~e_C_-I-_V _i _o_n _________________________ J 
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When the colu3n is attached to a skin, as in a she e t-
stringer conbination, Lundquis~ (reference 1) adds the 
term: 
6 f cr = 
K Et 3 1 S 
z z 
n TT 
sin ce the restraining effect of the skin i s to incr ease 
the critic a l stress. Thus tho critical stress becomes: 
f = 
cr 
z 
L 
",hero n 1,2,3. etc., the number of half sine waves in 
a length L and a trial solution must be made to find which 
value gives the lowest critical stress. The effect of the 
side loading in the tests under discussion is to add a re-
straining term somewhat analogous to . the foregoing, which 
increase s the critical column stress, and also another term, 
which i n creases the te n sion stress concentrat ion along the 
outer flanges of the c hanne l and thus decreases the criti-
cal column stress . The exact for m of these terms is omitted 
as beyond the scope of this report. 
The tests in thi s series were exte nded so as to in-
clude both the column and the beam axis. Pure torsion 
fail u res of a definite nature occurred only with the A 
sections with a Lip ratio greater than 50, and under 
axial lo ad only; but several of the A sectio n s with side 
loadi ng that was rel a tively small e xh ibited tendencies 
toward torsional failure as well as some of the B sections 
in the s am e range and a few of the C sections. None of 
the shallowe r sections exhibited clearly d iscernible tor-
sional tendencies, faili ng as did most of the specimens 
tested in tension of the outer flan g es. 
Although the various sections tested are similar 
only in a gene ral way, the custom of plotting the res ults 
of t h e same Lip r a tio in the same curve has been justi-
fied often enough in this type of work to beco me stand-
ard procedure. The points for each section, however, are 
d i f ferentiated by different symbols and also . g iven in 
table I. 
F i g~res 3 through 8 show the test data plotted as 
fu~ctions ~f primary bendin g stress. fb (tension) an~ 
prlmary aXlal stress fc (co mp resslon) for Lip ratlos 
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of 150, 130, 110, 90, 70, and 50. For each Lip ratio 
an average curve is drawn and the results of the six 
curves with all values below the test data are shown in 
figure 9 as a recommended design curve. From the curves 
of figures 3 to 8 the design charts of figures . IO and 11 
are co nst ructed, showing the relationship of Rc to Rb ; 
Rc is the ratio of column stress at failur~ to the ul-
timate column stress of the member and Rb is the ratio 
of the primary bending stress at failure to the ultimate 
bending stress of the member. (See reference 4.) This 
chart gives the combined stress allowable for any ' combina-. 
tion of primary axial stress and primary bending stress 
for bending and torsional failure, respectively. 
It is seen from the plo~ted data ·(figs. 3 to 8) that 
the c u rves split as they near the column axis. The upper 
branches of the curves shown correspond to the curves of 
reference 3 upon this same topic. The upper branches are 
for the specimens that failed in both primary and second-
ary pure bending. The lower branches are for those spec-
imens t ha t were to some de gree influenced in their fail-
ure by the inherent torsional in stab ility of the speci-
mens, as described in the first part of this discussion. 
This result is borne out by the fact that all the fail-
ures of the top group were in pure bending; those of the 
lower branch contain some pure torsional failures, notably 
the A sections for Lip ratios of 70, 90, 110, and 130; and 
quite a few of the other specimens in this group exhibited 
tendencies toward this type of failure, although they ul-
timately failed in bending. If t he upper branches of the 
curves are used for design, the results will correspond to 
the curves of reference 3 for the 2- by O.l-inch thick 
channels tested under similar conditions. In this report, 
however, it was decided to use the lower bran ches of the 
curves as being the nost conservative because there is at 
this ti me no clear-cut method of determining which type 
of failure will govern, the results probably depending upon 
initial eccentricities of loading. As far as is known by 
the author, only the right half of the design curves are 
suitable for other sizes of alumi num-alloy channel section, 
unless the section is known to be constrained to fail in 
bending only. 
Considering the bending-failure curves obtained in 
reference 3 as well as those of this report, it is found 
that, whereas the equation 
---- ---
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hol ds as the upper limit for the interaction curve, the 
valv_e s drop as low as: . 
7 
(2) 
and it i s recomm ended that equation (2) be used where con-
ditions are such that the channels can be assumed con-
strained to fail in bending, as when used in certain types 
of sheet-stiffener combinations. 
~he re the foregoing assumption cannot be made and 
t h e member fails torsionally or with torsional effect, the 
rel at ion has been found to be : 
P. 1. 5 
'c + 1.0 
shown in figure 11, and reco mmended for use, although the 
values may run as high as the dotted curve shown. It is 
interesti ng to note that the co mpressive-stress ratio may 
run as high as III p ercent at a bending stress ratio of 
aro und 20 p ercent . This condition i s caused by t he sta-
bilizing effect of the side load upon the critical stress 
(co mp ressive) for torsional failure as mentioned earlier 
i n th i s dis cussion . The sheet of a sheet-stiffener com-
bination wou ld giv e the same effect, but the exact magni-
tude of the restraint is bey on d the scope of this report. 
University of Maryland Engineering 
Experimenta l Station, 
Co lle ge Park, Md ., July 1941. 
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TABLE I.- EXPERI MENTAL DATA FROM BEAM-COLUMN TESTS OF 
Se ct i on 
A 
A 
E 
:ill 
c 
o 
C 
A 
;;. 
A 
A 
C 
f.-
A 
A 
A 
.b. 
E 
c 
o 
C 
B 
B 
B 
B 
A 
A 
A 
A 
E 
C 
C 
C 
B 
T 
24S-T ALUMI NUM- ALLOY CHANNEL SECTIONS 
Lip 
150 
150 
150 
150 
150 
150 
150 
150 
150 
150 
1 3 0 
130 
130 
130 
130 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
110 
90 
9 0 
90 
90 
90 
90 
90 
90 
90 
90 
9 0 
90 
90 
70 
Column stress, 
(lb/sq in.) 
1,600 
o 
1,810 
o 
2,400 
1,145 
1,900 
2,840 
2,840 
1,290 
4,890 
o 
2,720 
6,100 
4,320 
5,500 
8,750 
6,250 
4,500 
o 
9,250 
o 
3,430 
5,800 
3,950 
1,750 
12,250 
12,500 
1 0 ,000 
8,750 
6, 8 80 
6 ,360 
o 
4,750 
13,400 
o 
5,875 
7,700 
6,050 
10, 800 
fC ' primary bendin g 
stress, fb 
( 1 b I s q in.) 
o 
7 2 ,800 
o 
64,900 
28,200 
4 2,100 
38,800 
12,000 
o 
32,000 
o 
82,300 
42,700 
10,800 
27,800 
o 
10,300 
22,800 
4 0 ,100 
7 9 ,800 
o 
74,900 
41,300 
16,200 
38,200 
52,900 
o 
o 
15,600 
2 1 ,300 
o 
17,400 
84,500 
38,100 
o 
84,500 
o 
20,600 
39 ,900 
1 1 ~700 
9 
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TABLE I.- (Continued) 
I 
! Primary bending ! I 
Section Lip i Column stress, fc i stress, fb 
I (lb/sq in.) I (lb/sq in.) 
I 
A 7Q 8.930 0 
.b. 70 0 88,200 
, 70 8,970 24,000 .n 
A 70 9,900 8,750 
D 70 9,910 18,800 
D 70 4,200 53,800 
D 70 10,300 0 
E 70 21 . 100 . 0 
'" 70 10,600 9,900 ..... 
E 70 18,000 9,900 
E 70 0 88,500 
C 70 12.800 10,300 
C 70 10,390 28,900 
C 70 7,650 42,9 00 
B 50 15 ,600 0 
B 50 14,000 8,350 
A. 50 32 ,500 0 
A 50 5,850 69,500 
A 50 0 88,600 
.A 50 12,800 25,800 
A 50 14,000 14,600 
D 50 10,0 50 37,900 
D 50 12,000 21,400 
D 50 14,400 5,000 
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Figure 1 .- Designation of s ections . 
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Figure 2.- Beam-column testing machine, showing one of the 
longest specimens tested (Lip = 150) failing by bending. 
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